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RECOMMENDATIONS
1. Calves raised for replacements should be sired by good bulls.
2. Calves should be allowed colostrum for the first 3 days of
life.
3. They should be raised in individual pens which should be
kept clean and dry.
4. Warm whole milk (lOO'-'F) at not more than 10 per cent of
the body weight should be fed for at least 2-4 weeks ; skimmilk
may be fed after 2 weeks for a period of 4 - 6 weeks.
5. Several management practices and nutritional regimes may
be followed depending upon the amount of whole milk available.
6. A good calf starter and good quality hay can be fed starting
at 7 days of age.
7. Carotene or vitamin A supplement must be added to the
starter when whole milk feeding is discontinued.
8. 1 per cent common salt, 1 per cent oyster shell and 1 per
cent defluorihated phosphate or 1 per cent common salt and 2
per cent steamed bonemeal or di-calcium phosphate in the calf
starter will supply the necessary minerals.
9. The antibiotic aureomycin (Aurofac A) should be included
in the calf starter at the 1 per cent level.
10. Calves can be grouped after 4 months of age.
11. Calves may be placed on pasture at 8-10 months of age;
grain, silage and hay should be fed, depending upon the quality
and amount of pasture available.
* For specific information on any points listed above or not included in
this publication, write to the Dairy Department.
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Dairy Calf Research in Louisiana
L L. Rusoff and J. B. Frye, Jr.*
I. INTRODUCTION
Providing replacements for the dairy herd has become of in-
creasing importance during the past few years. With the rapid
growth and expansion of the dairy industry in the South it has
been necessary in many cases for the dairyman or for those who
want to establish a dairy to purchase animals from the Midwest.
Many farmers have hesitated to go into the dairy business be-
cause animals could not be found within a reasonable distance
and at a reasonable price.
Improvement in the inherent producing ability of a dairy herd
is accomplished either through purchased replacements or through
calves that are raised. In order to maintain a herd, approximately
20 per cent to 30 per cent of the milking herd must be replaced
each year. This means that in order to maintain the present
population of 326,000 dairy cattle in Louisiana approximately
65,000 to 98,000 dairy heifers must come into production each
year. Raising replacements has assumed added significance
during the past few years as the result of using good dairy sires
and the artificial breeding program. Artificial breeding has made
it possible for the farmer to breed his cows, at a very reasonable
price, to the best bulls that money can buy. The advantages of
raising replacements as compared to buying them are as follows
:
(1) Less expensive. Good cows are expensive and hard to find.
(2) Minimizes incidence of disease. Once a herd has been estab-
Ushed as a clean herd it is unwise to run the risk of infecting a
herd by introducing animals from the outside. (3) Genetical im-
provement factor. The breeding value of purchased animals is
often unknown. The most certain way to improve the producing
ability of a dairy herd is to breed the cows to sires of known
high-transmitting ability and to grow the calves and heifers for
optimum size. One may use the best of these heifers as replace-
ments for the lower producing cows that are culled or sold each
year. (4) Better acclimated to local conditions. Although the im-
portance of this factor is not fully established, it seems that
animals brought in from different regions may not be very effi-
cient as breeders or milk producers until a period of time has
elapsed in which they would have an opportunity to become ad-
justed to local management practices and the environment.
* Nutritionist, and Head, respectively, Dairy Department.
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The cost of raising a heifer until she is in production is just as
high for one carrying poor inheritance as for one carrying good
inheritance. Consequently, it is uneconomical to spend time and
money raising a calf that, because of the undesirable character-
istics of its parents, is not likely to be a profitable cow. The first
consideration in raising calves for replacements is to select only
calves sired by good bulls and out of good cow families. The im-
provement of dairy herds depends upon raising healthy, well-
grown calves from parents with the ability to transmit high pro-
duction and desirable characteristics.
With these points in mind, investigations have been initiated
to develop better and more efficient systems of raising dairy herd
replacements. Management studies and nutritional research on
the economical systems of raising dairy calves are reported herein.
II. CALVING TIME
A cow that has been properly cared for during the dry period
of 6 to 10 weeks should have little difficulty at calving time and
should be in excellent physical condition for maximum perform-
ance during her lactation period, A cow approaching the time of
parturition should be separated from the rest of the dry herd.
If at all possible, she should be placed in a roomy, well-bedded
box stall that has been thoroughly cleaned and disinfected. How-
ever, if this is not possible, a small clean pasture close to the
barn may be used as a last resort.
Calving time is a critical period for the cow and calf. Although
the cow should not be disturbed, she should be observed from time
to time and assistance should be given if necessary. Immediately
after the calf is born membranes or mucus should be removed
from its mouth and nostrils. Artificial respiration is sometimes
necessary to start its breathing. If the cow is not able to take
care of her calf it should be rubbed dry with burlap. This is es-
pecially important if the air is damp and cold. To avoid navel
infection, the navel cord should be clipped off about two or three
inches from the body and disinfected with tincture of iodine. By
following this practice at Louisiana State University, navel in-
fections have been almost completely controlled. The cow's udder
should be washed with warm, soapy water, and weak calves
should be given assistance in acquiring their first feeding of milk
or colostrum. The calf should start nursing within one hour after
birth.
III. CALF QUARTERS
After 24 hours of age the calf is separated from her dam and
placed in a clean, disinfected individual pen. Dairy calves should
be raised separately so as to prevent them from sucking or licking
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rFIG. 1.—Individual pen with clean, dry
bedding.
each other. This lessens the transmission
of disease between
calves prevents the formation of hair balls in
the calf s stomach,
and prevents the development of a blind quarter.
It is recom-
mended by the Nutrition Council of the American
Feed Manu-
Lturers Association (24) that the
square feet with sohd partitions between pens.
Automatic dimK
r Jups are sometimes preferred for calf waterers and should
be 20 inches from the floor. They should
be located at a front
corner of the pen away from the feed. If
pails are used for
suppl^iu- water, they should be kept clean
and well filled with
?resh wateT Fe^d boxes should be
8" x 10" x 6" deep, and it is
desirable to make boxes removable for cleaning. The
top of these
"oxes should be 20 inche. from the floor and they shouM^^^^
located at the front of individual pens
away from the water.
Clean bedding should be provided at all times.
A recent development is the use of the raised
Platform and
heavy grating for the calves to stand and rest
on. On the raised
p atform the calves are removed from the
cold (wet) floor during
Te winter months and the bedding remains drier
because the
urinrruns through the grating onto the floor. Smce
the beddmg
remains cleaner the calves do not have as great a
chance to pick
up and eat dirty bedding.
A study of the effect of type of floor in raising calves was
made at Louisiana State University by Burch et al. (7) Twenty
Jersey and Holstein calves of the University herd were used in
the following groups: Group I—concrete floor with shavings;
Group II—elevated wire floor with shavings; and Group III
—
elevated wire floor without shavings. All calves were fed alike
according to recognized feeding standards. The average daily
gains for Jersey and Holstein calves through four months of age
are given in Table 1.
TABLE 1.—Average daily gains of calves at 4 months of age when raised on
various types of floors
Group Type of floor Jersey Holstein
lb. lb.
I—Concrete and shavings 0.78 0.85
II—Elevated wire and shavings 0.84 0.92
Ill—Elevated wire 0.75 0.97
There were no apparent differences among the various groups
as to rate of growth and health. It was concluded that dry bed-
ding rather than type of floor is the most important factor in
raising healthy and vigorous calves in Louisiana.
IV. FEEDING THE CALF
a) Colostrum
— It is very important that the calf receive colos-
trum (first milk that the cow secretes after she has dropped a
calf) for the first 3 days because of its content of high nutritional
and immunizing factors. Colostrum is highly nutritious, contain-
ing about twice as much milk solids as normal milk, much more
protein, minerals, and vitamins, especially vitamin A and ribo-
flavin. It gives passive immunization against infections and re-
spiratory diseases because of its content of globulin antibodies.
Colostrum also acts as a mild laxative and aids the digestive tract
to begin its normal function. In Missouri, an experiment showed
that 30 per cent of the calves that received no colostrum died (10)
.
The length of time to leave the calf with its dam during the
colostrum feeding period is still controversial. However, if the
calf and dam are both considered, it is probably best to remove
the calf from the dam as soon as possible, so that one will defi-
nitely know the amount of milk the calf obtains. Overfeeding
may cause severe digestive disturbances. Also, the cow's udder
will not be so apt to be injured by the butting of the calf. At
Louisiana State University, the practice is to allow the calf to
nurse its dam for 24 hours ; then milk the colostrum and feed it
to the calf twice a day. The amount fed at each feeding should be
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FIG 2.-Newborn cali obtaining its first fill of
colostrum.
at the rate of % pound per 10 pounds of body weight (1 lb per
10 lbs. body weight daily), so that approximately 5
pounds ot
colostrum will be fed daily to a 50-pound calf.
Within recent years several investigators have
recommended
extending the period of feeding colostrum to calves
until 6 months
of ao-e when colostrum is available. Kaeser and Sutton (14)
have
raised dairy calves on colostrum alone. They fed calves
colostrum
up to 6 months of age and observed more rapid
growth, highei
carotene and vitamin A values in the blood plasma and superior
physical appearance. The calves did not scour and did not
create
any special management problems when changed to no
colostrum,
or vice versa. The colostrum was stored in a frozen
condition
until ready for use. The practice at Louisiana State
University
is to freeze excess colostrum in quantities adequate
for one feed-
ing in order to have this valuable feed available for
emergency
cases. Excess colostrum is also mixed with the regular calf
milk
in any quantity that happens to be available.
b) Milk Feeding- There are many successful methods of feed-
ing and raising dairy calves. However, the high cost of
feed and
present milk prices make the cost of raising calves high. To raise
a calf as economically as possible it is recommended that the call
be fed a minimum of whole milk, with the main emphasis upon
gettincr the calf on milk replacements or calf starters and hay at
an early age. The calf may be raised on its dam or on a nurse
cow if there is a surplus of milk.
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Since the mortality rate of calves is highest during the first
6 weeks of their life, special precautions should be taken during
this relatively short time. The amount of milk fed should be
weighed or measured accurately at each feeding. The milk should
be warmed to 100'-' F before feeding it to the calf. A thermometer
should be used, since the hands are not accurate measures of
temperature. Utensils should be kept clean and feeding done
regularly.
One of the most popular and satisfactory systems of limited
milk feeding of dairy calves is that recommended by Turk (35)
of Cornell. A definite daily amount of milk is fed each week.
The larger breeds receive milk up to 8 weeks of age and the
smaller breeds through 10 weeks (Table 2).
TABLE 2.—Cornell milk feeding schedule (lbs. per day)
Week 1 2 3 4 5 6 7 8 9 10
Large breeds 8 9 10 9 7 6 4
Small breeds 5 6 7 7 8 8 5 4 3 3
At the beginning of the second week the calf is offered a calf
starter, and at the beginning of the third week hay is placed be-
fore the calf. Milk is gradually decreased during the fourth week
for larger calves and during the sixth week for smaller calves.
Weaning from milk should be completed at approximately 50
days of age for calves of the Holstein, Ayrshire, and Brown Swiss
breeds, and at approximately 70 days of age for the Guernsey
and Jersey breeds. At this time the calf should be eating nearly
3 pounds of calf starter daily.
At Louisiana State University the Cornell milk feeding system
has proved very satisfactory in raising calves (5). In an attempt
to save more milk for human consumption, experiments have been
carried out in an effort to reduce the amount of milk fed to calves.
A modification of the Cornell system (Table 3) was found to be
very satisfactory and less expensive than was the Cornell system
for raising Holstein calves when the starter was figured at $6.20
per hundredweight and the milk at $6.11 per hundredweight.
There was no difference in the cost of raising Jersey calves to 4
months of age by the two systems. Since the use of a home-mixed
TABLE 3.—The Cornell and modified Cornell systems of milk feeding for
Holstein and Jersey calves
Weeks of Age 1 2 3 4 5 6 7 8 9 10 Total
Pounds milk fed daily to Holsteins ^Cornell) 8 9 10 9 7 6 4 StT
Pounds milk fed daily to Holsteins (Modified) ,8 9 8 6 5 3 270
Pounds milk fed daily to Jerseys (Cornell) 56 7766543 3 364
Pounds milk fed daily to Jerseys (Modified) 56 765432 264
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starter would have been considerably cheaper, the modified sys-
tem would have been more economical.
Calves at Louisiana State University have been weaned suc-
cessfully from whole milk at one month of age when good man-
agement and feeding practices were used. Milk was fed from a
nipple pail at a ratio of 1 pound to 10 pounds of body weight m
two feedings. A 20 per cent digestible calf starter and good
quality hay were placed before the calf at 1 week of age. This
Hmited milk feeding plan is especially good for Holstein calves.
Special care should be taken of Jersey calves on this milk feeding
plan, and unless they are consuming at least 2 pounds of calf
starter per day and some hay when they are weaned at 1 month
of age, a temporary set-back in growth may occur. It is recom-
mended for Louisiana farmers that Jerseys be fed whole milk
until 5 weeks of age. A source of vitamin A must be supplied to
the calf when whole milk feeding is discontinued until sufficient
good-quality green leafy hay is being consumed. Fish liver oils
or synthetic dry vitamin A (Quadrex) have been used in our
research with good success. The recommendations of the manu-
facturer should be followed in determining the amount of vitamin
A supplement to feed.
c) Nipple Pail vs. Open Pail— The use of a nipple pail (Fig. 3)
in place of the ordinary open pail is the latest trend in feeding
FIG. 3.—Feeding milk by nipple pail.
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milk. When calves are fed milk from a nipple pail the milk is
shunted directly into the fourth compartment or true stomach,
where normal milk digestion begins. With ordinary pail feeding,
the large swallows of milk exert a pressure against the muscular
walls of the esophageal groove so that the milk gets into the
undeveloped paunch or rumen. This milk might undergo fermen-
tation, producing toxic factors which could cause scours and
other digestive disturbances.
Wise and Anderson (38) observed that as much as 50 per cent
of the milk ingested passed into the rumen when drunk from
an open pail, whereas milk rarely passed into the rumen when
ingested from a nipple pail. At Louisiana State University,
Rusoff and Estess (30) compared the nipple pail and open pail
methods of feeding milk with 24 Jersey calves. The open pail
method of milk feeding caused a pot-bellied condition among most
of the calves and 57 per cent more nutritional scours than did
the nipple pail method. Whole milk was fed at the rate of 1 pound
for each 10 pounds of body weight up to 30 days of age. At 90
days of age, however, there was no significant difference in gains
in body weight between calves fed by either method.
d) Skim Milk Feeding— Where skim milk is available and a
good price is being paid for whole milk, it is economical to re-
place some of the whole milk with skim milk. Skim milk powder
mixed with water (1+9) costs about one-third as much as whole
milk. Burch and Frye (6) at Louisiana State University used
3 groups of calves consisting of 4 Jerseys and 4 Holstein calves
each to determine the length of time calves should be fed skim
milk. All groups received colostrum for 3 days and then whole
milk (1 pound to 10 pounds body weight) until 14 days of age,
after which time they were gradually changed over to skim milk.
All calves were fed a 16 per cent grain ration and a medium
quality legume hay ad libitum. Group I received skim milk (1
pound to 10 pounds body weight) for 4 weeks; Group II, skim
milk for 6 weeks; and Group III, skim milk for 8 weeks. The
average daily gains at 6 months of age are shown in Table 4.
TABLE 4.—Average daily gains of calves fed skim milk for variflus intervals
Group Skim milk fed for Jerseys Holsteins
(lb.) (lb.)
I 4 weeks 1.07 1.29
II 6 weeks 0.98 1.34
III 8 weeks 0.99 1.29
It can be observed that there was no significant difference in
the gains of the different groups.
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It is very important to supply a source of vitamm A m
the
ration when whole milk is discontinued, since the milk lat
is a
natural source of this vitamin. A vitamin A supplement m the
form of fish liver oil or synthetic vitamin A was used m the above
studies.
e) Calf Starters— In order to raise calves on a limited amount
of whole milk, a good calf starter is necessary. It is
generally
agreed that about a 20 per cent protein starter is required
Both
animal and vegetable proteins have been used m studies with call
starters at Louisiana State University (29). A calf starter con-
taining 19.4 per cent digestible protein which has been used suc-
cessfully with limited milk is shown in Table 5.
TABLE 5.—Composition of calf starter
Ingredient
Cottonseed meal
Soybean oil meal ^-^
Yellow corn meal ^^-^
Rolled oats ,
Wheat bran
Steamed bonemeal ^
Salt ^
' 100
plus
Aurofac Ai (aureomycin feeding supplement 1
Quadrex IV^ or other dry stable vitamin A forms . . 0.2 gm.
1 Made by Lederle Laboratories Division. American Cyanmid Co.,
Pearl River, N. Y.,
and contains at least 1.8 gm aureomycin per pound. ^fVitatnin
2 Made by NOPCO Chemical Co.. Harrison. N, J., and contams 10,000
un,t. of V.tamm
A. per gram.
The calf starter and a good quality lespedeza hay were
fed at
8 days of age. In earlier experiments it was found that
a call
starter containing 5 per cent meat scraps, or fish meal
or skim
milk powder gave similar results. Also, there was no difference
in the performance of a calf starter when animal protein m the
form of meat scraps was increased from 5 per cent to 15 per cent
in the starter. As mentioned previously, a source of vitamin
A
must be given the calves when no whole milk is fed. Fish hver
oils (shark liver oil and cod liver oil) or a dry stable vitamin A
supplement can be incorporated into the starter.
The question often arises as to whether it is more economical
to purchase a commercial calf starter or to mix one's own starter.
This would depend mainly on the number of calves to be fed and
the availability of ingredients. One should always keep in mmd
that calves prefer a fresh feed. For the dairyman who raises a
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few calves it would probably be most satisfactory to purchase a
commercial starter. However, for those farmers who have home-
grown feeds or who can obtain feeds at a reasonable price, the
following calf starter may be used.
L. S. U. simple starter
Ingredient Lbs.
Crimped oats 48.5
Yellow corn meal 48.5
Steamed bonemeal
.
. 2
Salt '. 1
100
plus
Am'ofac A (aureomycin feeding suplement) ... 1
Quadrex IV or other dry stable vitamin A forms 0.2 gm.
f) Hay
— Investigators are agreed that the hay fed to young
calves should be the finest-stemmed, leafiest, highest quality hay.
There is no other feed which will take the place of high quality
hay for the dairy calf. The time a calf should be given hay is
still controversial. Some investigators recommend 3 or 4 weeks
of age after the calf starts consuming 2 to 3 pounds of starter,
others after 1 week of age. At Louisiana State University some
preliminary research has been done as to the time that hay should
be fed a calf. There appeared to be no particular advantage in
waiting longer than 7 to 10 days of age to begin hay feeding.
The quicker the calf starts eating hay, the quicker the rumen
develops and the earlier the calf can be placed on pasture. Fur-
thermore, the consumption of hay decreases the grain require-
ments of the calf. Good quality leafy green hay usually contains
high amounts of carotene (vitamin A), which is required for
good health and normal growth.
g) Water— Water should be given to the young calf after milk
feeding and should be available at all times. The water should be
warm when fed to the very young calf or else digestive disturb-
ances may occur.
V. VITAMINS
Vitamin A ( carotene = provitamin A)—It is very important that
the young growing calf obtain carotene or vitamin A in its diet
(9, 15, 17). It has been found that the calf at birth has a low
supply of vitamin A in its body. Feeding colostrum, which is an
excellent source of vitamin A, corrects this low level of vitamin
A in the calf. Whole milk usually contains adequate amounts of
carotene and vitamin A in the butterfat. When whole milk feed-
ing is discontinued, a source of vitamin A must be supplied the
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calf or vitamin A deficiency symptoms appear. Tliese symptoms
of inadequate vitamin A include general weakness, unthriftmess
failure to grow, scours, respiratory troubles, pneumonia,
and
night blindness. .
As mentioned previously, fish liver oils or dry vitamin A con-
centrates can be supplemented to the skim milk or calf starter
The amounts to use are recommended by the manufacturer. Most
commercial calf starters contain adequate sources of vitamin_ A.
Green succulent pastures and green leafy hays contain provita-
min A or carotene, a yellow plant pigment which changes into
vitamin A in the animal body. When a calf is consuming suffici-
ent amounts of high quality leafy hay, a vitamin A supplement
in the starter can be omitted. The young calf is usually not placed
on pasture until 8 to 10 months of age, and therefore it is im-
portant that a source of vitamin A be fed to the growing calf up
to this time.
Vitamin D (Ergocalciferol=D., and Cholecalciferol=D;,,)—This
vitamin, known as the calcifying vitamin, is necessary to prevent
rickets in calves (3). This is manifested by abnormal bone de-
velopment, swollen loints, bowed legs, slight paralysis of the rear
quarters, a bowed back, and decreased growth rate. Since sun-
light is the best natural source of vitamin D, Louisiana dairy-
men do not have to worry about a vitamin D supplement m the
calf starter if the calf is exposed to sunshine. Fish hver oils, as
well as dry vitamin supplements, also contain vitamin D along
with vitamin A and can be put in the calf starter. Green sun-
cured hays are good sources of vitamin D but exposure to sun-
light destroys some of the carotene or vitamin A activity.
Vitamin E (Tocopherols)—No deficiency due to a lack of this
vitamin has been reported in calves. Most feeds contain suffici-
ent vitamin E.
Vitamin K (Naphthoquinone)—No deficiency of this vitamin
has been reported in calves.
Vitamin C (Ascorbic Acid) —Research has shown that calves
can synthesize their own ascorbic acid (34). Therefore calves
do not need this vitamin in their diet.
B Complex Vitamins— It is generally established that ruminants
can synthesize their own vitamin B family in their rumens
(paunch) and therefore do not need supplementary vitamins in
their ration. In the case of young calves, their rumens are not
functioning until they are 1 to 4 months of age, and therefore
some of the B vitamins may have to be supplied in the calf starter.
Usually grains are good sources of the B vitamins, and milk
contains appreciable quantities. It is only in extreme cases that
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deficiencies occur. The following is the information on B vitamin
deficiencies in calves.
Thiamin (Vitamin B,)
—Johnson et al. (12) of Illinois reported
that calves on a low thiamin diet developed pathological signs
characterized by weakness, incoordination of the legs, convulsions,
and head retraction ; and in some cases severe scouring, anorexia,
and dehydration.
Riboflavin (Vitamin BJ—^Wiese et al. (36) of Illinois reported
that riboflavin was required by the bovine species either in their
diet or by rumen or intestinal synthesis. On a riboflavin-deficient
diet calves developed pathological symptoms. The symptoms were
lesions in the corner of the mouth, along the edges of the lips,
and around the navel, hyperemia of the buccal mucosa, poor
growth, loss of appeite, scours, excessive salivation and lacrima-
tion, and loss of hair.
Niacin (Nicotinic acid or PP factor)—^Lundquist et al. (19) of
Wisconsin reported that nicotinic acid was essential for dairy
calves for the prevention and the control of calfhood diseases. On
the other hand, Johnson et al. (13) of Illinois stated that a young
calf did not require nicotinic acid in the diet.
Pyridoxine (Vitamin B,.)— Johnson et al. (13) of Illinois report-
ed that pyridoxine is necessary for the young calf. Symptoms
developed by the calf on a diet deficient in pyridoxine were poor
growth, lack of appetite, sluggishness, anorexia, poor hair coat,
fits, and death.
Biotin (Avidin)— Wiese et al. (37) of Illinois reported that
calves require an exogenous supply of biotin
;
otherwise, paralysis
of the hind quarters develops.
Cobalamine (Vitamin B^^)' Cyancobalamine (B^^a^' Hydroxycobala-
mine (B^^J, and Nitrocobalamine (B^2c)-Rusoff and Haq (32) of
Louisiana reported that the supplementation of an all-plant pro-
tein calf starter with a vitamin Bj, concentrate was of no value
in stimulating extra growth of calves up to 13 weeks of age when
they were weaned from milk at 28 days of age. Milk is a good
source of vitamin B^,.
VI. MINERALS
Although thirteen essential minerals (calcium, phosphorus,
magnesium, manganese, iron, copper, cobalt, sodium, potassium,
chlorine, iodine, sulphur, and zinc) are required for good nutri-
tion, only four—calcium, phosphorus, sodium and chlorine—have
been found to be required in the diet of Louisiana dairy cows
(33). Milk contains these minerals, and therefore supplemen-
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tation should be made when milk feeding is discontinued. It is
recommended that the calf starter contain 1 per cent common
salt and 2 per cent steamed bonemeal or dicalcium phosphate, or
1 per cent common salt, 1 per cent oyster shell flour and 1 per
cent defluorinated phosphate. Common salt is necessary for the
formation of hydrochloric acid in the gastric juice and osmotic
pressure relationships in the body. Oyster shell supplies calcium
and phosphate supplies phosphorus. Steamed bonemeal or dical-
cium phosphate supplies both calcium and phosphorus, which are
essential, along with vitamin D, for normal skeletal development.
A small block of common salt also should be available to the calf
at all times.
VII. ANTIBIOTICS
Several antibiotics (aureomycin, bacitracin, penicillin, strepto-
mycin, and terramycin) have proved to be of value in the nutri-
tion and well-being of chicks, turkeys, pigs, and other non-rumi-
nants. In ruminants, only aureomycin has been definitely estab-
lished as being beneficial to young calves, resulting in increased
growth, reduced incidence of scours, improved physical appear-
ance, and better feed efficiency up to 16 weeks of age. A few
reports have indicated that terramycin is of some benefit to calves
(8, 16, 21). Potassium and procaine penicillin have been reported
to be harmful to calves, while tyrothricin and bacitracin have
been shown to be without effect.
In 1950, Rusoff (25) of Louisiana, Bartley et al. (1) of Kan-
sas, and Loosli and Wallace (18) of Cornell were the first to
report favorable growth responses in the feeding of aureomycin
to young calves. Since 1950 a great deal of evidence has accu-
mulated which has definitely demonstrated that young calves
benefit from aureomycin feeding (2, 4, 11, 20, 23, 26, 27, 28).
Rusoff (25) in 1950 fed a 2 per cent level of an antibiotic
(aureomycin) feeding supplement (2.5 mg. aureomycin per
gram) to Jersey male calves (14 weeks of age) which were on a
simple all-plant protein ration consisting of 1 part cottonseed
TABLE 6.—A. P. F. aureomycin feeding supplement for calves
Group
No. of
Calves
Average daily gain
Weeks of
(lb.)
age
per calf
(Jerseys) 14 16 18 20 22 24 26 28 30 32 34
Basal 5 0.79 0.92 1.04 1.10 1.42 1.40 1.54 1.70 1.68 1.69 1.66
Basal +2%
aureomycin 0.78 1.48 1.43 1.44 1.53 1.50 1.59 1.73 1.61 1.68 1.65
supplement*
• The A. P. F. supplement contained approximately 2.5 mg. of aureomycin per gram.
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meal, 3 parts yellow corn meal, 2 per cent bonemeal, and 1 per
cent salt. The animals were allowed some lespedeza hay and
pasture. Table 6 shows the results of the trial for a 2d-week
period. During the first six weeks of the trial the aureomycin
group had outgained the control group by approximately 60 per
cent, 36 per cent, and 30 per cent, respectively, for the 2-week
periods. After six weeks the supplemented group had an average
daily gain of 1.43 pounds per day, while the control group aver-
aged only 1.10 pounds per day. After this time the gains became
less significant until at the end of the trial (20 weeks, Si/o months
of age) the control calves showed the same gain (1.66 "pounds)
as the calves receiving the supplement (1.65 pounds). The aureo-
mycin group had a smoother hair coat and a more solid muscular
appearance than did the control calves.
Rusoff et al. (28) in 1951 determined the effect of an anti-
biotic (aureomycin) feeding supplement and crystalline aureomy-
cin on the growth of calves through 16 weeks of age. Twenty-
four purebred Jersey and Holstein newborn calves were divided
into three comparable groups. Group I (control) received a 19.4
per cent digestible protein calf starter containing no animal
protein; Group II, the calf starter supplemented with a 2 per
cent aureomycin feeding supplement (2.5 g. aureomycin per
pound of supplement)
; and Group III, the calf starter supple-
mented daily with 75-150 mg. of crystalline aureomycin fed by
capsule. All the calves were weaned from milk at 30 days of age
;
they were fed the calf starter and medium quality clover hav
free choice beginning at 7 days of age. The crystalline aureo"-
mycin feeding was also begun at 7 days of age. Table 7 shews
the results of the feeding trial. It can be seen from this table
TABLE 7.—The effect of auieomycin supplements on the average growth
rate, feed efficiency, and incidence of diarrhea in
dairy calves through 16 weeks of age
*^''°^P Average lb. of Average incidence
and Average daily gains starter consumed of scours
Nation (lb.) per lb. of gain (days)
Jerseys Holsteins Group
I. Basal 0.99+ 0.1 1.40+ 0.03 1.19
II. Basal +
aureomycin
supplement 1.21-[ 0.09 1.(39 1-0.14 1.45
III. Basal +
crystalline
aureomycin 1.28+0.08 1.61+0.01 1.44
Jersey Holstein
2.47 2.32
2.64 2.07
2.44 2.16
For After
Its 30 days
wk. (Weaning)
2.5 2.0
2.0 0.6
0 0
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that aureomycin definitely produced a growth stimulation in
young calves. The Jersey calves receiving the aureomycin feed-
ing supplement and those receiving the crystalline aureomycin
showed a gain of approximately 25 per cent over the Jersey
control calves. The Holstein aureomycin groups showed a gain
of approximately 15 per cent over the Holstein control group.
The combined daily gain for the supplemented calves of both
breeds was 1.44 pounds as compared to 1.19 pounds for the con-
trols. The antibiotic supplementation also lowered the incidence
of scours. Since the aureomycin supplement and the pure aureo-
mycin showed similar gains this work proves that the increased
growth response was due to the antibiotic itself and not to some
unknown growth factors which might be present in the supple-
ment.
To determine whether or not the rumen microflora were af-
fected by the antibiotic which might influence growth, a study
(28) of the rumen contents of the calves was undertaken in co-
operation with Dr. Alford of the Bacteriology Department at
Louisiana State University. This study of the effect of aureo-
mycin on the rumen flora of calves failed to reveal any change
in the usual microscopic appearance when protozoa and mor-
phological groups of bacteria were used as the indicator organ-
isms.
In 1952, Rusoff, Alford, and Hyde (27) made a study of the
effect of type of protein on the response of young dairy calves
to aureomycin. An aureomycin suplement was fed. A 27-37 per
cent level of soybean meal, cottonseed meal, or degossypolized
cottonseed meal was used in the calf starter. Thirty-six purebred
male calves (18 Holsteins and 18 Jerseys) were divided into 3
groups. One-half of each received the antibiotic starting at 4
days of age. Fifty milligrams of crystalline aureomycin HCl
were added daily in the milk for 27 days ; the calf starters which
contained a 1 per cent level of an aureomycin supplement were
fed at 8 days of age. The remaining animals in each group served
as controls. All calves were weaned from milk at 30 days of age.
At 16 weeks of age, the calves on the soybean oil meal starter
plus aureomycin showed the best gains (Table 8). An increased
feed efficiency was also obtained on this ration. This study showed
that the type of ration influenced the growth stimulation in
calves being fed aureomycin.
A study of the microflora of the feces of these calves was also
made. Fecal samples were obtained biweekly from representative
calves on all rations until they were 9 weeks of age. The follow-
ing bacterial counts were made: aerobic, anaerobic, carrot-liver
shake tubes (lactics?), coliforms, enterococci, and H.S-producing
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TABLE 8.—Effect of aureomycin on the average growth rate, feed efficiency,
and incidence of diarrhea in dairy calves through 16 weeks of age
Average daily gains Lb. of starter
Group and Ration (lb.) per lb. gain Average
— incidence of
Holstein Jersey Group Holstein Jersey Group sCOUrs (days)
I
Soybean oil Basal 1.33 .90 1.11 2.24 2.11 2.17 2.0
meal
Aureomycin 1.60 1.06 1.33 1.99 2.10 2.04 0
II
Cottonseed Basal 1.36 .86 1.07 2.40 2.57 2.48 .2
meal
Aureomycin 1.50 .89 1.19 2.26 2.59 2.42 .2
III
Cottonseed Basal 1.24 .68 .96 2.60 3.06 2.84 .3
meal, de-
gossypolized
Aureomycin 1.37 .89 1.13 2.29 2.40 2.35 0
anaerobes. The results are summarized in Table 9. All counts
were considerably higher while the calves were receiving milk
than after weaning. The bacteria in the carrot-liver medium
were not typical lactics after the calves were weaned. There were
wide variations between samples from different calves on the
same ration. No correlation between the numbers of any group
of bacteria and the presence of aureomycin in the diet was found.
Again, the growth stimulation obtained by feeding aureomycin
was not due to any effect on microflora of the intestines.
In 1953, Rusoff, Fussell, Hyde, and Crown (30) reported that
intramuscular injections of aureomycin to young calves produced
a growth stimulation of 30 per cent over control calves at 16
weeks of age. Oral-fed aureomycin stimulated growth by 20 per
cent. In this study 24 male Jersey calves were divided into three
groups. Group I served as a control. Group II received weekly
intramuscular injections of approximately 400 mg. aureomycin
(aureomycin in sesame oil as AlCl,, complex), and Group III re-
ceived 50 mg. aureomycin daily in the milk and a 1 per cent level
of aureofac A (1.8 gm. aureomycin per lb.) in the calf starter.
After receiving colostrum for three days, all calves were fed milk
up to 30 days of age. An all-plant protein calf starter minus the
aureomycin (Table 5) and good quality alyce clover hay were
fed to all calves at 8 days of age. Aureomycin feeding and in-
jections were started at 4 days of age. The experiment was con-
tinued for 16 weeks.
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FIG. 4.—Calf on right received the antibiotic aureomycin; other calf received
none. Note smooth hair coat of antibiotic calf. Both calves 12 weeks of age.
The aureomycin-injected calves showed excellent condition and
smooth hair coat beginning at 9-10 weeks of age. The oral-fed
aureomycin calves showed this bloom condition at 12-16 weeks
(Fig. 4). Both aureomycin groups of calves significantly out-
gained the control group (Table 10). At 16 weeks of age, the
average daily gains were 0.79, 1.07, and 0.94 pounds for Group
I, II, and III, respectively. The antibiotic also caused a significant
increase in height at withers.
TABLE 10.—Average daily gains, increase in height at withers, and feed
efficiency of dairy calves at 16 weeks ,of age
Average* Lb. of starter Increase in height
daily gains per lb. gain at withers*
Group (lb.) (in.)
I Control 0.78 3.13 5.99
II Injected aureomycin 1.07 2.67 7.59
III Oral aureomycin 0.94 2.79 6.44
* P < 0.05.
Carcass studies reflected the larger size and weight of the
aureomycin groups. Meat yields showed larger muscles and skele-
tal size" (Table 11).
A continuation of this work by Rusoff and Gall (31) involved
a study of the rumen contents (flora and environment) of con-
trol calves, aureomycin-injected calves, and those fed aureomycin
orally. No significant differences were found in rumen pH, Eh,
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TABLE 11.—Carcass studies and meat studies of calves at 16 weeks of age
(Z animals per group)
Carcass Length Meat (12th rib)
Cooking data (9-10-11 ribs)
Group Wt. of body Moisture Fat
Before cooking Loss after cooking
lb. cm. % g. %
Control
Injected
Oral
74.8
110.5
... 95.8
727
832
795
68.95
65.87
67.82
2.82
7.28
3.62
424.5
619.0
505.5
11.19
11.07
13.25
de<rree of fiber digestion in the artificial rumen,
rumen flora,
and B vitamin content (B,„ pantothenic acid, riboflavin,
niacin,
biotin, pyridoxine, thiamine, and folic acid) of the rumen
fluid^
On the basis of this past and present research, it is
mdicatea
that aureomvcin stimulates general growth, and it is
possible
that the pituitary growth hormone is involved. The data
on in-
crease of height at withers and on bone size and weight,
how-
ever, suggest that bone metabolism might be the area m
which
aureomvcin exerts its effect.
It should be pointed out that aureomycin should not be expected
to correct nutritional deficiencies in the ration.
Adequate levels
of protein, vitamins, and minerals are still required. Antibiotics
are not a substitute for the nutrients needed but a supplement
to
them. Antibiotics should not be used as a substitute for
good
sanitary feeding practices and management. Results of feeding
antibiotics may vary with the ration fed, condition of the animal,
and sanitary conditions.
Vm. THE CALF ON PASTURE
The age at which the calf may be turned on pasture is a con-
troversial subject and may differ from farm to farm or in dif-
ferent sections of the country.
It is an established fact that roughages (pasture, silage and
hay) provide the cheapest source of nutrients for dairy animals.
However, it must be remembered that the young calf does not
have the stomach capacity to handle large quantities of high fiber
and low digestible feeds. As the calf grows older the stomach
compartment (paunch or rumen) which handles roughages in-
creases in size and efficiency until it constitutes about 80 per
cent of the total stomach capacity at maturity.
In the lowlands of South Louisiana best results are usually (ob-
tained in raising calves if they are dry-lot fed until they are at
least 6-8 months of age. There is no advantage in pasturing
calves until about 10 months of age unless the pasture is very
palatable and low in moisture content. Calves turned on pasture
in the spring months usually fail to make normal gains because
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they cannot consume enough grass to furnish the nutrients re-
quired for normal growth. This may happen in spite of the fact
that grain and hay feeding has been continued.
Studies at L.S.U. have shown that calves will grow faster and
stay in a thriftier condition when barn-fed until about 8 to 10
months of age than when turned out to pasture at a younger age.
Furthermore, observations indicate that they are more resistant
to parasitic infestation at 10 months than they are at an earlier
age.
IX. OTHER MANAGEMENT PRACTICES
First Month—During the first month the calf should be de-
horned and tagged or tattooed. If scours occurs during milk feed-
ing, the amount of milk should be reduced to one-half the amount
fed daily and then gradually increased to the regular amount.
In general, nutritional scours is a management problem. The use
of the antibiotic aureomycin has reduced the incidence and se-
verity of scours in calves at Louisiana State University. If scours
persists, therapeutic or veterinary measures may be required.
After Fust Month— After the first month, extra teats should
be clipped, and hoofs should be trimmed. Also, the calf can be
vaccinated for anthrax, blackleg, and other diseases.
4 to 6 Months— Calves can be placed in groups.
8 to 10 Months—
- Calves can be allowed pasture along with
grain and hay.
X. SUMMARY
Experimental work over the past 10 years in raising dairy
calves in Louisiana is presented.
Various nutritional and management practices used are dis-
cussed in detail, including composition of calf starters.
An up-to-date resume of vitamin and mineral requirements of
calves is included.
Since the Station has been one of the pioneers in antibiotic re-
search, all work done in the department on the effect of aureo-
mycin on the young calf is given in detail.
References to research and information given are also included.
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